An engineering design paradigm is developed using an enriched morally deep world-view. The new design approach borrows from the wisdom of the Lakota Nation as evidenced through an examination of the Medicine Wheel as well as more recent ideas on seeking a unity of purpose between professional and personal life. A current engineering challenge in Upstate New York is examined using the enriched design paradigm.
Introduction
Engineering design is a process that creates and transforms ideas and concepts into a product definition that satisfies customer requirements. The role of the design engineer is the creation, synthesis, iteration, and presentation of design solutions. The design engineer coordinates with engineering specialists and integrates their inputs to produce the form, fit and function documentation to completely define the product. The designer has available a range of design paradigms from traditional to eco-efficient to eco-effective. 1 That which seems lacking in all the presently described design paradigms is reference to the value system of the designer. There seems no place for questioning the designer's bias or prejudice. Is the designer open-minded? Nor does it seem possible to ask the following question-am I all right with going forward or can I state that I cannot do this kind of work anymore. Lastly the question of impact on the Earth and all that entails seems vague at best, at least from my perspective.
A recent conference on climate change cautioned against overuse of generalizations about tribes but acknowledged common issues and priorities. 2 Two characteristics fundamental to indigenous people grow out of their place-based values: their close relationship with their natural resources and the desire to transmit these resources to future generations. To uphold their values many tribes exercise best practices in natural resource management; for instance, traditional ecosystem practices underlie salmon harvest and renewable forestry programs. The tribal world view emphasizes the links between the protection of ecosystems and prosperity, happiness, and survival. It also called for incorporation of Native American perspectives in the focus on climate change, engineered systems, and society; and development of new models that incorporate education about systems management and policy in a wide range of undergraduate and graduate programs to provide students from all disciplines a systemic approach to management decisions about scientific and technical training.
The author has previously presented a design paradigm based on a morally deep worldview. 3, 4 After teaching this methodology to several capstone design classes, it seemed important to add several additional elements to the design process. That which seemed missing occurred at the outset and at the conclusion of the process including: (1) a beginning with an open mind free from pre-conceived notion, biases and prejudices; (2) an explicit challenge to the designer to consider the plight of the Earth; and (3) an exploration of the values and purposes associated both with the design and the designer. The challenge at hand then is to bring these three new elements into the morally deep design paradigm already developed.
My thoughts about modifying the morally deep approach to design occurred concurrently with a service project at the Pine Ridge Reservation in South Dakota. 5 It was during this period that I learned a great deal about the Lakota people and found inspiration in their wisdom tradition. From my perspective, the prayer (Four Directions) and visual metaphor ( Medicine Wheel) the Lakota use in explaining life offer one approach to enriching the morally deep world design paradigm in the ways in which I was seeking.
Pine Ridge Reservation, and the Wisdom of the Lakota Medicine Wheel
The Pine Ridge Indian Reservation) is an Oglala Lakota Native American reservation located in the U.S. state of South Dakota. Originally included within the territory of the Great Sioux Reservation, Pine Ridge was established in 1889 in the southwest corner of South Dakota on the Nebraska border. Pine Ridge is the site of several events that marked tragic milestones in the history between the Lakota of the area and the United States government most tragically two incidents at Wounded Knee. An 1890 massacre left some 150 Native Americans dead, in what was the final clash between federal troops and the Lakota and in 1973, members of the American Indian Movement occupied Wounded Knee for 71 days to protest conditions on the reservation. During the siege, which began on February 27, 1973, federal officers and AIM members exchanged gunfire almost nightly. Hundreds of arrests were made, and two Native Americans were killed.
When the Lakota people pray or do anything sacred, they see the world as having four directions: East, South, West and North. From these four directions come the four winds. Each direction has a special meaning and color associated with it. Each direction has distinct characteristics associated with it. The cross in the center symbolizes all directions. When the Lakota pray to the Four Directions, they add two other directions: Sky (Above) and the Earth(Below).
Figure 1. Lakota Medicine Wheel 6
The style, directions, colors and meaning are all carefully described in the library holdings of the St. Joseph's Indian School. 7 A brief description of the directions and essential characteristics associated with each direction is shown in Table 1 . • Via Creativa. The third step refers to the act of creation. The solution is chosen from a host of possibilities, implemented and then evaluated as to its effectiveness in meeting the desired goals and fulfilling the specified criteria.
Directions Characteristics Associated with Directions (Lakota Medicine Wheel)
• Via Transformativa. The fourth and final step asks the following questions of the engineer: Has the suffering in the world been reduced? Have the social injustices that pervade our global village been even slightly ameliorated? Has the notion of a community of interests been expanded? Is the world a kinder, gentler place borrowing from the Greek poet Aeschylus? A comparison of the two approaches is instructive. There is a one to one relationship among the following:
• East direction and Via Positiva • South direction and Via Transformativa • West direction and Via Creativa • North and Via Negativa
The elements (directions) that are missing are the Sky (Above) and the Earth (Below). Thus, two additions are proposed for the design algorithm, namely:
• Via Caelum (Above) which calls on the designer to be aware of prejudices and biases and seek to eliminate them or reduce their influence on his/her thinking as much as possible. • Via Terra (Below) which specifically challenges the designer to focus specifically on the Earth, and to contemplate short and long term effects on the health of the planet. A final step has been added which is based on the notions of Palmer and his call for a unity between our life's work and our life's vales. 8 This last step is labeled:
• Via Reflexio (Within)
The proposed design methodology based on a morally deep world view and integrating wisdom from the Medicine Wheel is shown in Figure 2 .
Application to Current Engineering Challenge: Hydraulic Fracturing Hydraulic fracturing has become a contentious political and ethical issue across the nation over the course of the last decade or so. Hydraulic fracturing or "fracking" permits gas and oil deposits typically found in rock formations buried deeply beneath the surface of the Earth. In "fracking," high pressure jets of water coupled with an assortment of chemicals are injected into a drill hole resulting in the fracturing of horizontal drilling the nearby rocks which then permits the escape of the trapped gas and oil. While "fracking" has occurred in the United States since the end of World War II, it has only become economically feasible recently with the development of horizontal drilling and the rise in the price of natural gas.
There are several areas throughout the United States that have developed a "fracking" industry including the Barnett shale formation in Texas, the Haynesville and Fayette shale of Texas, Louisiana, and Arkansas, the Bakken shale of North Dakota, and the Niobrara shale of Colorado, Wyoming, and Nebraska. The present discussion will focus on the Marcellus shale formation located in New York State, Pennsylvania, Ohio, and West Virginia.
During the fracking process water and other chemicals previously mentioned are pumped at high pressures into the well to fracture the rock. The sheer quantity of water needed is enormous. Chesapeake Energy Corporation estimates a single well being hydraulically fractured may consume up to 5 million gallons of fresh water. 9 In addition to the original chemicals of the fracturing fluid, the back flow water is laden with salt and heavy metals such as barium, strontium, and radium. 10 Once the fracturing process is complete, the issue then becomes the disposal of 5 million gallons of back flow. The wastewater must be treated in some way to make the water safe for return to the environment. Other issues include the increase in heavy road traffic and the strain that the increase industrial and business activity will have upon the often times rural communities. A last issue centers on landowners and mineral rights. In many cases, banks will not lend money towards the purchase of land where the mineral rights have been previously leased. This, in effect, locks out the landowner from selling their property to a buyer who would need a traditional loan. 
Figure 2. Enriched Morally Deep World Engineering Design Methodology
Geologists estimate there may be as much as 489 trillion cubic feet of natural gas-400 times what New York State uses in a year-throughout the Shale. Yet the technique is not without controversy. 11 The group Earthjustice has listed many examples of tainted drinking water, polluted air and industrial disasters caused or exacerbated by "fracking" at or near extraction sites since operations began six years ago. 12 A new troubling possible consequence of "fracking" has been found in the Ohio region of the Marcellus Shale, namely earthquakes, and it is also linked as a possible cause for earthquakes in Texas and Oklahoma. 13 Potter and Rashid examined the ethics of hydraulic fracturing. 14 Their approach was to first state the two most extreme solutions for deciding the debate over "fracking," that is, either total deregulation of the drilling industry or total prohibition of drilling throughout the region. They then set out to develop a middle ground which included a mix of regulations and strategies that allow the industry to progress and the public to be protected. They started from the position that the development of the gas and oil from the Marcellus Shale region should be developed to its full potential. Their arguments were based on an application of what they termed common morality, personal ethics and professional ethics while using primarily both a Respect for Persons and Utilitarian ethics paradigm. Such an approach offers the designer some insights into the ethical dilemmas at hand. A different and perhaps more reflective approach might be found in the enriched morally deep world paradigm.
Let us approach this issue using first the originally proposed morally deep approach and then identify that which an enriched approach may yield. Developing a list of questions keeping the enriched morally deep world design paradigm in mind yields:
• What is the problem we are being asked to solve? Is it energy shortage? Economically driven? Are there other possibilities to consider in either or both cases? • Is the use of high pressure water jets the only way to crack rock formations? Are there other ways to go about it? What chemicals are added to the high pressure water jets?
• What are the short, medium and long term effects on the stability of the rock formations?
• What are the short, medium and long term effects on quality of the ground water?
• How likely are earthquakes? Sink holes? • How much water will be used? Recycled? Wasted? Is it necessary to use water at all? • How many jobs will be created in the short term? Medium term? Long term? And what kind of local impact will the jobs have on the local community?
• What will be the impact of drilling on the infrastructure? Who will pay for any repairs?
Including the notions of being free from bias (Via Caelum) as well as focusing upon the health of the Earth (Via Terra) and a concurrence of personal and professional values (Via Reflexio) may suggest the following questions:
• Are you approaching the question from an open-minded perspective?
• What will be the impact on the local ecosystems? Indigenous species? Regional ecosystems? • What will be the impact of the culture of the local community?
• How do you, the designer, feel about the entire process? Is it consistent with your view on our responsibilities to the environment and the natural world? Water is perhaps the most precious of all natural resources so how does using water in this context mesh with your value system?
• Eventually the economic benefits for the local community will diminish yet the nature of the local community will be likely much different. Does that matter to you?
The elements of the integral community may include:
• Landowners and associations • Local community, its citizens and its governmental agencies • Local business community • Gas drillers and support industry employees • Future generations • Environmental groups • Local and contingent eco-systems Ultimately the decision revolves around the relative values that the designer places on professional, economic, environmental and societal concerns. With this approach, the conflicts, if there are any, are brought to the forefront for careful consideration. For some, the importance of economic self-interest would be paramount while for others, the priceless value of water which can never be artificially created, holds precedence and would preclude using it in this way. Whatever the decision, implications for the environment, for the local community and for the designer personally are not likely to either be ignored or not considered.
